For certain subgroups within people living with the human immunodeficiency virus (HIV) [active tuberculosis (TB), pregnant women, children <5 years old, and serodiscordant couples], the World Health Organization recommends antiretroviral therapy (ART) irrespective of CD4 count. Another subgroup which has received increased attention is ''HIV-infected presumptive TB patients without TB". In this study, we assess the proportion of HIV-infected presumptive TB patients eligible for ART in Karnataka State (population 60 million), India. This was a crosssectional analysis of data of HIV-infected presumptive TB patients diagnosed in May 2015 abstracted from national TB and HIV program records. Of 42,585 presumptive TB patients, 28,964 (68%) were tested for HIV and 2262 (8%) were HIV positive. Of the latter, 377 (17%) had active TB. Of 1885 ''presumptive TB patients without http://dx.active TB", 1100 (58%) were already receiving ART. Of the remaining 785 who were not receiving ART, 617 (79%) were assessed for ART eligibility and of those, 548 (89%) were eligible for ART. About 90% of ''HIV-infected presumptive TB patients without TB" were eligible for ART. This evidence supports a public health approach of starting all ''HIV-infected presumptive TB patients without TB" on ART irrespective of CD4 count in line with global thinking about 'test and treat'.
Introduction
With an estimated 36.9 million people living with HIV (PLHIV), 2.0 million new HIV infections, and 1.2 million deaths in 2014, HIV continues to be the most common infectious cause of mortality in the world and has claimed >34 million lives so far [1] . Antiretroviral therapy (ART) is life-saving for PLHIV, and by the end of March 2015, about 15 million PLHIV were receiving ART. HIV is the only infectious disease where treatment is initiated only after it becomes clinically severe (assessed using CD4 counts). There have been various reasons for this strategy which include prioritizing toxic drugs for those with highest risk of progressing to AIDS, concerns about nonadherence, and risk of drug resistance if treatment is started too early. However, this situation is fast changing with the availability of newer and safer antiretroviral medicines and the evidence that early ART is beneficial even in asymptomatic PLHIV [2, 3] .
The World Health Organization (WHO) and the Joint United Nations Programme on HIV/AIDS (UNAIDS) have both embarked on an ambitious vision of ''90-90-90": to detect 90% of all HIVinfected patients in the community, treat 90% of those detected with ART, and achieve viral suppression in 90% of those treated [4] . Given this, there is an increased demand from civil society organizations and patient groups to move toward a ''test and treat" strategy. In 2013, WHO raised the threshold for ART initiation to a CD4 count 6500 cells/lL in adults, adolescents, and children aged 5 years and above. For certain patient groups like PLHIV having active tuberculosis (TB) disease, hepatitis B virus infection with severe chronic liver disease, pregnant and breast feeding women, children aged under 5 years, and those living in a serodiscordant relationship, ART is recommended irrespective of CD4 count (akin to a ''test and treat" strategy) (Table 1) [5] . Another such subgroup which has caught global attention is ''presumptive TB patients" (previously called TB suspects and defined as people with cough for 2 weeks or more with or without other symptoms suggestive of TB), but without TB.
Several studies from sub-Saharan African countries and Asia show a high HIV prevalence among patients with presumptive TB ranging from 10% to 64%, sometimes even higher than the HIV prevalence among TB patients, prompting WHO to recommend routine HIV testing in such patients [6] [7] [8] [9] [10] [11] [12] [13] [14] . A prospective study from Zimbabwe showed that HIV-infected presumptive TB patients are a neglected group with only 15% getting ART, while about 85% had CD4 cell counts < 350 cells/lL and were eligible for ART at the time [4] . However, no study has systematically assessed this aspect in India.
Hence, in this study, we aim to determine the number of HIV-infected presumptive TB patients eligible for ART in a large south Indian state of Karnataka. The specific objectives were to determine among a cohort of presumptive TB patients (stratified by whether they have TB or not) attending the microscopy centers of Karnataka in May 2015: (1) number (proportion) ascertained for HIV status and found HIV positive; and (2) among HIVinfected patients, (a) number assessed for ART eligibility and found ART eligible and (b) number (proportion) initiated on ART.
Materials and methods

Study design
This was a cross-sectional study involving secondary analysis of data routinely recorded under the Revised National TB Control Programme (RNTCP) and National AIDS Control Programme (NACP).
Setting
India is considered a country with a concentrated HIV epidemic and contributes to about 10% of the global burden in absolute terms [1] . The HIV epidemic in India is showing a declining trend and in 2011, about 2.1 million people were living with HIV in India with an estimated 0.12 million new infections and 0.15 million deaths [15] .
Karnataka State has an estimated 0.21 million PLHIV in 2011 and accounts for about 10% of the country's HIV burden [15] . Hence, the state has been classified as ''high priority" for HIV interventions by the National AIDS Control Organization (NACO) in India on the basis of consistently high HIV seroprevalence rates of >1% during sentinel surveillance at antenatal clinics [16, 17] . In the state, TB control program services are available through a decentralized network of peripheral health institutions which provide general health services including diagnosis and treatment for TB.
Patients with presumptive TB are identified at the peripheral health institutions and referred for sputum smear microscopy to designated microscopy centers (DMCs), which are geographically distributed, each covering a population of 0.05-0.1 million. In situations where the patient is unable to physically visit the DMC, the sputum is collected and transported using existing systems and healthcare workers in the general health system or nongovernmental organizations. The diagnosis of TB is made in accordance with national guidelines.
Presumptive TB patients are first tested using sputum smear microscopy and if found to be positive for acid-fast bacilli, patients are diagnosed as ''smear-positive pulmonary TB" and initiated on treatment. Patients with negative smears are given antibiotics for 7-10 days and are tested for smear microscopy again if symptoms persist. If smears are negative in repeat sputum microscopy, patients undergo chest radiography. A diagnosis of smearnegative pulmonary TB is made if lesions consistent with TB are found on a chest radiograph. Patients with a normal chest X-ray and/or whose symptoms subsided by the trial of antibiotics were categorized as ''presumptive TB without TB". All diagnosed TB patients are treated with standardized fully intermittent thrice weekly short course regimens (6-9 months) administered under direct observation. Such patients are registered at one of the 177 subdistrict level TB program management units according to Indian program guidelines [18] .
As per national policy, HIV status is routinely ascertained for all presumptive TB patients, and HIV-infected TB patients are referred to ART centers for initiation on ART and cotrimoxazole preventive therapy [19] . HIV status is ascertained at ''integrated counseling and HIV testing centers" spread throughout the state, which are usually collocated with sputum microscopy services. HIV is diagnosed based on three positive rapid tests as per national guidelines [20] . Free ART is provided through a network of 64 ART centers (with at least 1 ART center in every district), where HIV-infected patients (including TB patients) are offered treatment and care. There are 194 link-ART centers in the state which offer follow up services at decentralized locations for HIV patients who are clinically stable on ART. These service delivery sites under NACP follow the national guidelines for counseling, testing, care, and treatment of HIVinfected patients [21] . In line with the higher burden of HIV, there is a higher density of HIV testing and care centers in the northern parts of the state [22] .
Study population and study period
All patients with presumptive TB examined for diagnostic smear microscopy at the DMCs of Karnataka State in May 2015 constituted the study population.
Patients attending for ''reexamination" and follow-up examination were not included.
Data collection procedure and data variables
For objective 1, we collected aggregate data on the number of presumptive TB patients examined for smear microscopy, the number tested for HIV, and the number who were HIV positive. For the HIV-infected presumptive TB patients, individual patient data were collected using a structured, pretested data collection pro forma. The data variables included laboratory number, age, sex, TB diagnosis (smear-positive TB/smear-negative TB/extrapulmonary/no TB), TB treatment (yes/ no), WHO clinical staging, latest CD4 lymphocyte count (at the time of registration for newly detected HIV patients or latest available count for patients already receiving ART), and ART status (already on ART before visiting DMC/started on ART after DMC visit/not started on ART). These variables were extracted from the TB laboratory register and TB treatment register of RNTCP and pre-ART patient register, patient ART card, and HIV-TB register of NACP. Information on whether the patient is diagnosed as smear-negative TB or extrapulmonary TB was extracted by referring to the TB register.
Data were collected by the ''district PMDT/ TBHIV coordinators" working for RNTCP and trained in the study protocol under the supervision of WHO consultants and state-level government program officers working for the TB and HIV programs.
Data entry and analysis
Aggregate information from each district was collected using an Excel format. For capture of patient-wise data, we used a combination of three open access sources (EpiData for data entry, Dropbox for sharing data and TeamViewer for troubleshooting remotely). The technique has been detailed elsewhere [23] . Data entry was done by the data entry operators of the respective districts, trained for the purpose. Double data entry, validation, and analysis were done using EpiData software (version 3.1 for entry and version 2.2.2.182 for analysis, EpiData Association, Odense, Denmark). ART eligibility was assessed using WHO-2013 ART guidelines (CD4 count of <500, WHO clinical staging 3 and 4, children <5 years old, all HIV-TB patients), as the NACP in India has agreed in principle to adopt the recommendations [24, 25] . In addition, if a patient was documented as ''ART eligible" in the records and started on ART (even though there was no full documentation of CD4 counts and/or WHO clinical staging), we considered such patients to be eligible for ART for this analysis.
Ethics
Administrative approval to conduct the study and access the data was obtained from the State Tuberculosis Cell of Government of Karnataka. Ethics approval was obtained by the Ethics Advisory Group of International Union against Tuberculosis and Lung Disease, Paris, France. Since the study involved a secondary analysis of routine program records, the need for individual patient consent was waived by the ethics committee.
Results
A total of 42,585 presumptive TB patients underwent sputum smear microscopy in 680 DMCs of 31 districts of Karnataka State, of whom 28,964 (68%) were ascertained for HIV status and 2262 (8%) were found to be HIV positive (Fig. 1) . The median (interquartile range, IQR) age of HIVinfected patients was 38 (30-45) years and about half of them were males. 
TB patients: diagnosis, TB treatment, and ART
Presumptive TB patients without active TB: ART eligibility and ART initiation
Among the 1885 ''presumptive TB patients without active TB", 1100 (58%) were already receiving ART prior to the current visit. Among the remaining 785 who were not receiving ART, 617 (79%) were assessed for ART eligibility and among them, 548 (89%) were found to be ART eligible as per WHO 2013 ART guidelines. Patients who were assessed for ART eligibility were similar to those not assessed by age (median age 39 years and 40 years, respectively, p = 0.95) and sex (proportion male 49% and 51%, respectively, p = 0.54). The CD4 distribution and WHO clinical staging information of 548 patients who were found to be eligible for ART is shown in Table 2 . Of those found to be ART eligible, 405 (74%) were initiated on ART (Fig. 1 ). 
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Discussion
These findings confirm our hypothesis and showed that nine out of 10 HIV-infected presumptive TB patients (without TB) are eligible for ART as per current WHO guidelines. This, too, is an underestimate, as we did not assess all the criteria of ART eligibility in our study. For example, we did not have any information about whether the patients in our study had coexisting hepatitis-B infection with severe liver disease, or if they were pregnant or living in a serodiscordant relationship. Some studies have indicated that nearly 75% of PLHIV in India are serodiscordant [26, 27] . If we apply this figure to our cohort, then nearly all HIV-infected presumptive TB patients would be eligible for ART. Hence, as a public health approach to ART initiation, there is a strong case to be made for recommending that all HIV-infected presumptive TB patients should be initiated on ART irrespective of CD4 count.
There are a number of advantages with adoption of this recommendation. First, this is likely to improve uptake of ART (possibly by removing barriers associated with CD4 testing) in this vulnerable group. We have observed this in the past with HIV-infected TB patients when after adopting a ''test and treat" strategy for TB patients, there was a significant increase in uptake of ART. The proportion of HIV-infected TB patients receiving ART in India increased from 41% in 2008 to 91% in 2014 [22] . This is observed in our study sample too -nearly 90% of HIV-infected TB patients received ART as compared to only 74% among those without TB. Despite high uptake of ART among HIV-TB patients in India, mortality remains high at 13%, emphasizing the need for early diagnosis and ART initiation [22] .
Second, this is likely to lead to early diagnosis and treatment of HIV, thus preventing avoidable mortality, morbidity, and improving the quality of a These patients (n = 32) were documented as ''antiretroviral therapy (ART) eligible" in the program records and started on ART even though the CD4/World Health Organization (WHO) staging criteria were either not documented or did not match eligibility criteria. They were considered ''ART eligible" for the purpose of this analysis. life in the long term. HIV testing among presumptive TB patients implies moving the HIV testing intervention to an upstream level in the TB diagnostic pathway and hence, patients are diagnosed earlier on in the natural course of disease. This is substantiated by higher median CD4 counts in our study, among presumptive TB patients (without TB) as compared to those with active TB. If active TB can be confidently ruled out using more sensitive diagnostic tools such as Xpert MTB/RIF or mycobacterial culture, such patients could be potentially eligible for isoniazid preventive therapy, which is known to act synergistically with ART in preventing TB. A recent randomized controlled trial has shown that early ART, along with IPT, is likely to provide maximum benefit to PLHIV in terms of preventing mortality and morbidity including TB [2] .
It is essential to rule out active TB confidently before starting ART, as not doing so might pose a higher risk of developing immune reconstitution inflammatory syndrome.
Third, starting these patients earlier on ART is likely to improve their immune status. As observed in our study, the median CD4 counts were higher among ''HIV-infected presumptive TB patients without active TB" already receiving ART prior to the current visit as compared to those who were not on ART. A previous study from Zimbabwe showed that not starting these patients on ART led to high mortality and morbidity [4] . In addition to individual benefits, early ART is also likely to have public health benefits -ART reduces the risk of transmission of HIV to partners [28] and avoids the operational problem of poor retention in pre-ART care [29, 30] .
Fourth, as only about 10% of presumptive TB patients were not eligible as per current guidelines, adopting this strategy is not likely to place a large additional burden on the national ART program in India. From a public health perspective, this is a step toward ''immediate and universal ART" for every person with HIV in line with the vision of NACP phase IV for the period 2012-2017 [24] .
Our study had several strengths. This is the first study from India examining the issue of ART eligibility among HIV-infected presumptive TB patients. Since the data come from a large and comprehensive sample of patients in a large state in India, the results are likely to reflect ground realities and are generalizable to similar high HIV settings in India. However, we need more evidence, especially from low-HIV settings in India, before a national policy decision can be considered. We used an innovative method of quality-assured data capture and this model is likely to be useful in coordinating data collection in multicenter research studies in resource-constrained settings.
There were a few limitations mainly related to our reliance on data collected routinely by the national TB and HIV programs. However, we think this is not a major limitation as both TB and HIV programs in the state of Karnataka are well supervised and monitored, and hence the quality of data is likely to be high. Information on ART eligibility (CD4 counts and/or WHO clinical staging) was missing in about one-fifth of the patients. Since those assessed for ART eligibility were similar to those not assessed by age and sex, we think the results can be extrapolated to those not assessed for ART eligibility. We did not have any information on presumptive extrapulmonary TB patients in our study and this should be a topic of future research. Although our recommendations are justified as a public health approach, it is important to study the long-term outcomes among the subgroup of patients with CD4 count of >500/mm 3 and assess if they actually benefit by early initiation of ART. We, however, think early ART will be beneficial based on the evidence of two randomized controlled trials which have confirmed the benefit of early ART in preventing death and/or AIDS related events [2, 3] . These trials have also confirmed that there was no or minimal increase in adverse events due to early ART initiation, thus allaying any fears that early ART initiation could be detrimental.
Finally, as the adage goes, ''what gets monitored gets done". Hence, we need to think about ways of monitoring the ART uptake among HIVinfected presumptive TB patients. We propose the addition of an extra column in the existing TB laboratory register to capture ART initiation status. From this, two indicators can be calculated: (1) proportion of presumptive TB patients ascertained for HIV; and (2) proportion of HIV-infected presumptive TB patients receiving ART. These indicators could then be compiled and reported in the quarterly reports of the TB program from the peripheral level, to district, to state, and to national levels, and finally finding a place in global TB and HIV reports. Future operational research should test this and/or other models of recording and reporting to find out the most optimal way forward.
Conclusion
In conclusion, about 90% of ''HIV-infected presumptive TB patients without active TB" were eligible for ART as per WHO-2013 guidelines. As a public health approach, ''HIV-infected presumptive TB patients without TB" is a vulnerable subgroup qualifying for ''test and treat" strategy akin to HIV-infected TB patients.
